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ABSTRACT 



A method for forming an air region or an air bridge 
overlying a base layer (12). Air regions (20a, 20*, 2&a, 
and 48) are formed overlying the base layer (12) to 
provide for improved dielectric isolation of adjacent 
conductive layers, provide air-isolated conductive in- 
terconnects, and/or form many other microstructures 
or microdevices. The air regions (20a, 20*, 28a, and 48) 
are formed by either selectively removing a sacrificial 
spacer (16a and 16*) or by selectively removing a sacri- 
ficial layer (28, 40). The air regions (20a, 20*, 28a, and 
48) are sealed, enclosed, or isolated by either a selective 
growth process or by a non-conformal deposition tech- 
nique. The air regions (20a, 20*, 28a, and 48) may be 
formed under any pressure, gas concentration, or pro- 
cessing condition (i.e. temperature, etc.). The air re- 
gions (20a, 20*, 28a, and 48) may be formed at any level 
within an integrated circuit. 

36 Claims, 10 Drawing Sheets 
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METHOD OF FORMING A SEMICONDUCTOR 
STRUCTURE HAVING AN AIR REGION 

FIELD OF THE INVENTION 

The present invention relates generally to semicon- 
ductor technology, and more particularly, to semicon- 
ductive structures having an air region. 

BACKGROUND OF THE INVENTION 

The integrated circuit industry is constantly reducing 
the separation between conductive layers of material in 
order to achieve a smaller integrated circuit. By reduc- 
ing the spacing of conductive materials in an integrated 
circuit, an increase in a phenomenon known as capaci- 
tive crosstalk is observed. Conventional integrated cir- 
cuits typically use an interconnect structure wherein a 
first metal line is adjacent a second metal line. If the 
crosstalk or capacitance between the first metal line and 
the second metal line is high, then the voltage on the 20 
first metal line alters or affects the voltage on the second 
metal line. This alteration in voltage could cause an 
integrated circuit to misinterpret logic zeros, logic ones, 
and voltage levels, and therefore incorrectly process 
binary and/or analog information. An integrated circuit 
that incorrectly processes any information is usually 
totally inoperable. 

In order to reduce capacitive coupling and therefore 
reduce crosstalk, the integrated circuit industry has 
been developing low dielectric constant (low-K) mate- 
rials to replace conventional dielectric/insulative mate- 
rials. Conventional semiconductor insulative materials 
have a dielectric constant having a value of roughly 
four. Some new/advanced dielectric materials such as 
Teflon, organic dielectrics, and the like, may have a 
dielectric constant between roughly four and two. The 
use of many low-K dielectric materials is not feasible 
due to the fact that equipment is not available to prop- 
erly process the new dielectric materials in various 
integrated circuits. Also, the chemical or physical prop- 
erties of many low-K dielectric materials are usually 
difficult to make compatible or integrate into conven- 
tional integrated circuit processing. 

Coaxial cable structures and similar structures have 
been attempted in integrated circuits with little success. 
A coaxial structure has a first conductor which carries 
a signal (i.e. a digital signal or an analog signal) and a 
second conductor surrounding the first conductor 
which is used to shield the first conductor from other 
conductors in the integrated circuit. In an integrated 
circuit, it is very difficult to form a first conductor 
entirely surrounded by a second conductor. Further- 
more, two or more conductive layers are required to 
form the coaxial structure. Several layers of conductive 
material are therefore required in order to produce one 
functional layer of conductive interconnect. Using sev- 
eral conductive layers to form one functional conduc- 
tive interconnect layer is not substrate surface area 
effective, manufacturing-throughput effective, or cost 
effective in most cases. 

In order to attempt to reduce capacitive coupling and 
resistor/capacitor (RC) delays, superconductive mate- 
rial has been researched in the integrated circuit indus- 
try. Superconductors require low temperatures in order 
to operate properly and are therefore expensive to oper- 
ate and expensive to maintain. In many cases, supercon- 
ductive material is highly sensitive to oxygen and must 
be specially encapsulated in integrated circuits to avoid 
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other oxygen containing areas, such as oxides and the 
like, from introducing unwanted contamination. Super- 
conductors tend to be brittle, and are therefore not 
suited to integrated manufacturing. In many cases, a 
superconductor could not survive the mechanical 
stresses induced on a semiconductor wafer when manu- 
facturing integrated circuits. 

A new method and structure for reducing capacitive 
crosstalk between conductive regions in a semiconduc- 
tor device is required. 

SUMMARY OF THE INVENTION 

The previously mentioned disadvantages are over- 
come and other advantages achieved with the present 
invention. In one form, the present invention comprises 
a method for fonning a semiconductor device having an 
insulating region. A base layer of material is provided. 
A first conductive element is formed overlying the base 
layer. The first conductive element has a sidewall. A 
second conductive element is formed overlying the base 
layer. The second conductive element has a sidewall 
and is physically separated from the first conductive 
element by an opening. A first sidewall spacer is formed 
laterally adjacent the sidewall of the first conductive 
element. A second sidewall spacer is formed laterally 
adjacent the sidewall of the second conductive element. 
A plug layer is formed within the opening between the 
first conductive element and the second conductive 
element. The plug layer exposes a top portion of the 
first sidewall spacer and a top portion of the second 
sidewall spacer. Both the first and second sidewall 
spacer are removed to form an air insulative portion 
between the first conductive element and the second 
conductive element. 

In another form, the invention comprises a method 
for forming a semiconductor device having an air re- 
gion. A base layer is provided. A first layer of material 
which is resistant to growth is formed overlying the 
base layer. A growth layer is formed overlying the first 
layer of material. A second layer of material which is 
resistant to growth is formed overlying the growth 
layer. An opening is etched through the first layer, the 
growth layer, and the second layer. The opening de- 
fines a sidewall of the growth layer. The sidewall of the 
growth layer is selectively grown to form a grown 
region which closes off a portion of the opening and 
forms an air region within the opening. 

In yet another form, the invention comprises a 
method for forming a semiconductor device having an 
air region. A base layer is provided. A patterned layer 
of material is formed overlying the base layer. The 
patterned layer of material has a sidewall. A seed layer 
is formed overlying the patterned layer. A sidewall 
spacer is formed adjacent the patterned layer of mate- 
rial. An opening having a radius is formed through the 
seed layer to expose a portion of the patterned layer of 
material. The patterned layer of material is removed to 
form said air region. Material is grown onto the seed 
layer to reduce the radiis of the opening. 

In yet another form, the invention comprises one or 
more semiconductor devices or structures formed from 
the methods recited above. 

The present invention will be more clearly under- 
stood from the detailed description below in conjunc- 
tion with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates, in a three-dimensional perspective, 
a semiconductor structure having three conductive 
regions; 5 

FIG. 2 illustrates in a graph a relationship between 
conductive region pitch and capacitive coupling for the 
structure of FIG. 1; 

FIG. 3 illustrates in a graph a relationship between 
conductive region pitch and capacitive crosstalk for a 1° 
known plasma tetraethylorthosilicate (TEOS) oxide 
having a dielectric constant of K=4.3 and a known 
Teflon material having a dielectric constant of K= 1.9; 

FIG. 4 illustrates in a dual-graph a relationship be- 
tween air region size and normalized capacitive cross- 15 
talk, and illustrates a relationship between air region 
size and effective dielectric constant of an insulative 
region in accordance with the present invention; 

FIGS. 5-11 illustrate, in cross-sectional form, a 
method for forming a semiconductor structure having 20 
an air region in accordance with the present invention; 

FIGS. 12-15 illustrate, in cross-sectional form, an- 
other method for forming a semiconductor structure 
having an air region in accordance with the present 
invention; 

FIG. 16 illustrates, in cross-sectional form, an alterna- 
tive structure resulting from the method of FIGS. 
12-15; 

FIG. 17 illustrate, iix top perspective view, the top of 3Q 
either one of the structure of FIG. 15 or FIG. 16; 

FIGS. 18-24 illustrate, in cross-sectional form, yet 
another method for forming a semiconductor device 
having an air region in accordance with the present 
invention; 35 

FIGS. 25-27 illustrate, in cross-sectional form, alter- 
native steps which may respectively replace the steps 
illustrated in FIGS. 21-23; 

FIG. 28 illustrates, in a top perspective view, either 
one of the structures illustrated in FIG. 24 or FIG. 27; 40 

FIGS. 29-31 illustrate, in cross-sectional form, yet 
another method for forming a semiconductor device 
having an air region in accordance with the present 
invention; and 

FIGS. 32-35 illustrate, in cross-sectional form, yet 45 
another method for forming a semiconductor device 
having an air region in accordance with the present 
invention. 
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Illustrated in FIG. 1 is a three-dimensional perspec- 
tive of a semiconductor structure having three conduc- 
tive regions. FIG. 1 depicts a conductive region 1, a 
conductive region 2 adjacent conductive region 1, and 55 
a conductive region 3 underlying both conductive re- 
gions 1 and 2. Each of conductive regions 1 and 2 has a 
width "w", and conductive region 1 is separated from 
conductive layer 2 by a separation distance "s'\ Con- 
ductive region 3 underlies conductive regions 1 and 2 60 
by a distance "d". A known dielectric material, such as 
a plasma tetraethylorthosilicate (TEOS) oxide, having a 
dielectric constant K=4.3 completely surrounds and 
separates the conductive regions 1, 2, and 3. A quantity 
known as a pitch (pitch =w-fs) is conventionally used 65 
to characterize conductive capacitance crosstalk for 
adjacent metal lines used in the integrated circuit indus- 
try. 



FIG. 2 illustrates a graph of capacitance values, the 
capacitance being between the conductors of FIG. 1 as 
a function of physical separation. A reduction of pitch is 
an ongoing activity in the integrated circuit industry in 
order to achieve integrated circuits which are more 
dense and use substrate surface area more efficiently. 
The capacitance between conductive layers 1 and 2, 
labeled as C 12 in FIG. 2, has been experimentally and 
theoretically found to increase exponentially as pitch is 
reduced or as the conductive regions 1 and 2 are 
brought closer together. Conversely, as pitch decreases 
the capacitive coupling between conductive region 1 
and conductive region 3 (C13) decreases due to the 
increased capacitive coupling via C12. 

The increase in capacitive coupling between conduc- 
tive regions 1 and 2 is disadvantageous due to a phe- 
nomenon known as capacitive crosstalk. Capacitive 
crosstalk is directly affected by capacitive coupling. 
For example, if conductive region 1 is separated from 
conductive region 2 by one hundred microns (i.e. 
s= 100 microns), the coupling capacitance C12 is small 
and virtually no crosstalk occurs. If the pitch is less than 
approximately one micron, the capacitive coupling C12 
is high as illustrated in FIG. 2. Due to the high capaci- 
tance, the crosstalk phenomenon may render an inte- 
grated circuit inoperable. 

Crosstalk is a phenomenon wherein, for example, a 
potential (i.e. a voltage) at conductive region 1 ad- 
versely affects/alters the potential at conductive region 
2 through capacitive coupling. Assume that the pitch in 
a microprocessor metal level (i.e. a first metal level) is 2 
microns and that the microprocessor has a plurality of 
data lines and address lines (a 32-bit machine for exam- 
ple). The address and data lines are usually run across 
the integrated circuit together or in groups of several 
bits. The conductive regions carrying the groups of 
several bits are separated by a niinimum pitch to con- 
serve substrate surface area. One data or address line 
may be programmed to carry a logic one (for example, 
a five volt signal). An adjacent data or address line may 
be programmed to carry a logic zero (for example, a 
zero volt signal or ground potential). 

Due to the small pitch, capacitive crosstalk allows the 
logic one value on the first line to effect/alter the logic 
zero value on the adjacent line and/or vice versa. 
Therefore, instead of properly carrying a correct logic 
one value or logic zero value, the address and data lines 
may incorrectly carry either one volt, two volts, or four 
volts, or any erroneous voltage value other than an 
accurate logic one or logic zero. This erroneous voltage 
value could alter the logical operation of the micro- 
processor and render the microprocessor inoperable. 
Crosstalk phenomenon may greater affect the operation 
of analog circuits such as analog-to-digital (A/D) con- 
verters, digital-to-analog (D/A) converters, operational 
amplifiers (op-amps), filters, transducers, and the like. 

In order to maintain a small pitch and achieve a dense 
integrated circuit, a new dielectric isolation scheme and 
structure having a lower dielectric constant than con- 
ventional materials (K=4.3) must be used between con- 
ductive structures to reduce capacitance and therefore 
reduce crosstalk. 

FIG. 3 illustrates that a known Teflon material hav- 
ing a dielectric constant K=1.9 greatly reduces the 
unwanted crosstalk capacitance when compared to 
plasma TEOS oxides for a given pitch. Unfortunately, 
material such as Teflon and other low-K dielectric ma- 
terials are difficult to process in an integrated circuit 
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environment, are incompatible with conventional inte- structure of FIG. 11 may also be formed within a trench 
grated circuit processing, are unavailable for use due to to form improved substrate trench isolation, 
the fact that no feasible semiconductor equipment exists Regions 14 are formed overlying the base layer 12. In 
for the material, or are not yet fully researched and a preferred form, the regions 14 are conductive regions 
developed. Therefore, a different material or a different 5 such as a metal, a silicide, a salicide, polysilicon, amor- 
process is required to overcome the crosstalk problem phous silicon, a conductive nitride, a ruthenate, a con- 
and enable pitch to be further reduced. ductive oxide, a conductive organic material, a compos- 

FIG. 4 illustrates a graph of how an air gap or air ite conductive material, or any semiconductor-compati- 
region placed between conductive regions affects ca- ble conductive layer. In another form, the regions 14 
pacitive coupling and crosstalk in accordance with the 10 may be dielectric regions and be used to form an air 
present invention. FIG. 4 illustrates a line A which region for applications other than the reduction of 
corresponds to the right Y-axis of FIG. 4 labeled "Ef- crosstalk. These other applications are discussed in a 
fective Dielectric Constant." Line B in FIG. 4 corre- subsequent paragraph, whereas air region isolation to 
sponds to the left Y-axis of FIG. 4 entitled "Normalized reduce crosstalk is discussed in detail below. Each of 
Crosstalk Capacitance." A dielectric layer of plasma 15 the regions 14, if conductive, are physically separated 
TEOS oxide is used as an inter-level dielectric for the from each other by an opening 13. Each of the regions 
curves in FIG. 4. With no air gap (percentage of air 14 has a sidewall facing the opening 13. 
gap=0%), the entire isolation between the conductive In FIG. 6, a layer of material 16 is formed overlying 
regions depends upon the TEOS oxide. The dielectric the regions 14 and the base layer 12. The layer of mate- 
constant of TEOS oxide is K=4.3 which results in a 20 rial 16 is formed as a material which may be etched 
high capacitance as illustrated in FIG. 4. If a 50% air selective to the regions 14 and the base layer 12. For 
gap is formed between conductors (i.e. if 50% of the example, if the base layer 12 is an oxide and the regions 
TEOS is removed between the conductive regions to 14 are metal, the layer of material 16 may be nitride. If 
form a 50% air region), the effective dielectric constant the base layer 12 is silicon, and the regions 14 are 
of the region between the conductive regions reduces to 25 polysilicon, then the layer of material 16 may be an 
K = 2.75 and the capacitance is reduced as illustrated in oxide. Specifically, the layer of material 16 may be one 
FIG. 4. The dielectric value K=2.75 is 50% due to air or more of titanium nitride (TiN), silicon nitride, a ni- 
and 50% due to the remaining TEOS regions. Ideally, trided material, borophosphosilicate glass (BPSG), bo- 
for isolation purposes, a 100% air gap is desired wherein rosilicate glass (BSG), boronitride (BN), boro-oxyni- 
the capacitance is very low and K is reduced signifi- 30 tride (BNO), titanium oxide, germanium silicon, germa- 
cantly. nium oxide, ruthenium oxide, polyimide, an organic 

It should be noted that the dielectric constant K may material, calcium flouride, barium flouride, strontium 

be further reduced than that indicated in FIG. 4 by flouride, a flourided material, a polymeric material, and 

introducing gases or inert gases into the air gap, or by a refractory metal. 

altering the pressure or vacuum conditions of the air 35 The materials used for the layer of material 16 may be 

gap. An air gap under vacuum has a lower dielectric etched using known chemistries. A dry etch process is 

constant. In theory, an isolation region having a dielec- used to form sidewall spacers whereas either a dry and- 

tric constant of K=l may be achieved using a 100% /or a wet etch process is used to remove sidewall spac- 

vacuum region. In most cases, an improved dielectric ers as discussed below. For example, a dry CI based 

constant is formed when the pressure within an air gap 40 environment or a wet NH4OH and H2O2 solution may 

is reduced to less than one Torr. be used to etch a chemical vapor deposited (CVD) TiN 

FIGS. 5-11 illustrate a method which may be used to or titanium. Wet H2O may be used to etch a CVD BSG 

form an air gap or air region between two conductive wherein a concentration of B2O3 used to form the BSG 

regions. The air region formed via the method of FIGS. is greater than 55% (i.e. the BSG has a high boron 

5-11 may be any air region within the range of 0% to 45 concentration). CVD BN or BNO may be etched using 

100% depending upon specific process parameters. a wet H2O2 or a wet H2O solution. A CVD titanium 

In FIG. 5, a base layer 12 is provided. Base layer 12 oxide may be etched using a dry CF4 and oxygen envi- 

may be a substrate or a layer of material overlying the ronment. A CVD Si02 — Ge02 (silicon oxide-ger- 

substrate. A substrate may be made of silicon, gallium manium oxide) layer wherein the Ge02 is greater than 

arsenide, silicon on sapphire (SOS), epitaxial forma- 50 50% in concentration, may be etched via a wet H2O 

dons, germanium, germanium silicon, diamond, silicon solution. CVD ruthenium oxide and organics may be 
on insulator (SOI) material, selective implantation of etched using a dry oxygen (O2) environment. Other 

oxygen (SIMOX) substrates, and/or like substrate mate- known etch chemistries exist in the art for many other 

rials. Preferably, the substrate is made of silicon which materials which are suitable for formation of the layer 

is typically single crystalline. Base layer 12 may also be 55 of material 16. 

a dielectric layer. Dielectric layers include but are not In FIG. 7, an etch step, typically a reactive ion etch 

limited to wet or dry silicon dioxide (Si02), a nitride (RIE), is used to form sidewall spacers 16a and 16b 

material, tetraethylorthosilicate (TEOS) based oxides, (sacrificial spacers) from the layer of material 16. If the 

borophosphosilicate glass (BPSG), phosphosilicate regions 14 are conductive, spacer 16c surrounds one of 

glass (PSG), borosilicate glass (BSG), oxide-nitride- 60 the regions 14 and the spacer 166 surrounds another of 

oxide (ONO), tantalum pentoxide (T^Os), plasma en- the regions 14. If regions 14 are a dielectric material, 

hanced silicon nitride (P — SiN*), titanium oxide, oxyni- spacers 16a and 16b may physically be one and the 

tride, germanium oxide, a spin on glass (SOG), any same. A dielectric layer 18 is formed overlying the base 

chemical vapor deposited (CVD) dielectric, a grown layer 12, the regions 14, and the spacers 16a and 16b. 

oxide, and/or like dielectric materials. 65 The dielectric layer 18 may be any dielectric material 

In general, base layer 12 illustrates that the device which is not substantially etched when spacers 16a and 

resulting from the process of FIGS. 5-11 may be 166 are etched. For example, dielectric layer 18 may be 

formed at any level within an integrated circuit. The a plasma TEOS oxide, and may be formed by either a 
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CVD process, a spin-on process (i.e. a spin on glass low-K dielectric region. In FIG. 12, the base layer 12 or 

(SOG) process), or a like dielectric formation process. substrate is illustrated. The base layer 12 may be a di- 

In FIG. 8, a chemical mechanical polishing (CMP) electric layer, or a silicon substrate, a polysilicon mate- 
process, a resist etch-back (REB) method, or a like rial, an epitaxial material, amorphous silicon, germa- 
process is used to planarize the dielectric layer 18 to 5 nium, gallium arsenide, germanium silicon, or like mate- 
form a plug layer 18a within the opening 13 (opening 13 rials as discussed above. Regions 26 are formed which 
is illustrated in FIG. 5). are similar to regions 14 of FIG. 5. Regions 26 may be 

In FIG. 9, an etch chemistry, as discussed previously, a metal or a like conductive layer or may be a dielectric 

is used to remove the spacers 16a and 16b selective to material in other applications. Protective side wall spac- 

each of the base layer 12, the regions 14, and the plug 10 ers (not illustrated) may optionally be formed adjacent 

layer 18a to form air regions 20a and 20b. In some cases, the regions 26. A plug region, a sacrificial material, or a 

it is preferred to use a water-soluble material as the sacrificial region 28 is formed between the regions 26. A 

spacers 16a and 16b to ensure a high etch selectivity to spin on glass (SOG), a deposition and reflow process, a 

the regions 14 and the base layer 12. In general, an air chemical mechanical polishing (CMP) step, a resist etch 

region may be referred to as either a space, an inten- 15 back (REB) step and/or a like planarization method 

tional void, an air gap, an air bridge, a vacuum area, a may be used to form the sacrificial region 28. Sacrificial 

gaseous region, a cavity of a predetermined volume, a region 28 is formed of any material which may be 

separation region, and the like. Due to the fact that etched selective to regions 26. In many cases, the sacri- 

isolation is desired between the regions 14, the base ficial region 28 should be etched selective to the base 

layer 12 may be optionally trenched to deepen the air 20 layer 12, although this selectivity is not as critical as the 

regions 20a and 20b and improve the isolation between selectivity to regions 26 in most cases, 

regions 14. Sacrificial region 28 may be formed from a material 

In FIG. 10, a non-conformal inter-level dielectric which is water-soluble to ensure a high etch selectivity, 
deposition or a spin-on deposition of a controlled vis- In general, sacrificial region 28 may be formed of tita- 
cosity solution (i.e. an SOG polyimide) is performed to 25 nium nitride, silicon nitride, a nitrided material, boro- 
form a dielectric layer 22. Dielectric layer 22 closes off, phosphosilicate glass (BPSG), borosilicate glass (BSG), 
encapsulates, or isolates the air regions 20a and 206. A boronitride (BN), boro-oxynitride (BNO), titanium ox- 
plasma enhanced chemical vapor deposition (PECVD) ide, germanium silicon, germanium oxide, ruthenium 
silane-based chemistry (e.g. SiH4 and O2) may be used oxide, polyimide, an organic material, calcium flouride, 
to achieve a non-conformal dielectric deposition. Dur- 30 barium flouride, strontium fluoride, a flourided mate- 
ing formation of the dielectric layer 22, the air regions rial, a polymeric material, a refractory metal, an oxide, 
20a and 20b may be exposed to gases or gas composi- like materials, or any composite thereof, 
tions other than atmospheric gas compositions, inert In FIG. 13, a dielectric layer 30 is formed overlying 
gases, vacuum conditions, and/or altered pressures in the regions 26 and the sacrificial region 28. The dielec- 
order to alter the physical, mechanical, and electrical 35 trie layer 30 may be formed from any dielectric mate- 
properties (i.e. dielectric constant) of the air regions 20a rial, such as wet or dry silicon dioxide (Si02), a nitride 
and 20b. Air regions which are sealed under a vacuum material, tetraethylorthosilicate (TEOS) based oxides, 
(i.e. less than atmospheric pressure) have reduced di- borophosphosilicate glass (BPSG), phosphosilicate 
electric constants. glass (PSG), borosilicate glass (BSG), oxide-nitride- 

In one form, the dielectric layer 22 may be the only 40 oxide (ONO), tantalum pentoxide (Ta20s), plasma en- 
isolation required. In FIG. 11, a thicker dielectric layer hanced silicon nitride (P-SiN x ), titanium oxide, oxyni- 
24 is used to provide the bulk of the overlying dielectric tride, composite dielectrics and/or like dielectric mate- 
isolation whereas the dielectric layer 22 is formed as a rials. Preferably, the dielectric material is a material 
thin layer for the express purpose of sealing the air which cannot easily be selectively grown. In other 
regions 20a and 206. 45 words, the dielectric material used to form dielectric 

FIG. 11 illustrates a structure wherein regions 14 are layer 30 is at least partially growth resistant, 
physically separated/isolated from each other by an A growth layer or seed layer 32 is formed overlying 
isolation region having approximately a 50% air region the dielectric layer 30. An optional dielectric layer 34 
and a 50% plasma TEOS oxide region. Therefore, ac- which is similar to dielectric layer 30 is formed overly- 
cording to FIG. 4, the effective dielectric constant of 50 ing the seed layer 32. The seed layer 32 is preferably any 
the structure of FIG. 11 is roughly K=2.75 (if region layer that can be used as a seed source, selectively 
18a is made of TEOS -based material) which is a signifi- grown, or epitaxially grown while little or no growth 
cant improvement over no air regions (see 0% air re- occurs on the dielectric layers 30 and 34. In addition, 
gions in FIG. 4). Using only plasma TEOS to isolate the seed layer 32 should be capable of being deposited 
regions 14 results in a dielectric constant of K =4.3 in 55 or formed at conditions (i.e. temperature, pressure) 
FIG. 4. Therefore, the air regions have reduced capaci- which do not adversely affect underlying layers of ma- 
tance, reduced crosstalk, and allow for integrated cir- terial. The seed layer 32 may be, for example, silicon, 
cuit pitches to be further reduced while the integrated polysilicon, amorphous silicon, germanium, titanium 
circuit remains operational and functional. Spacers are nitride, a metal, a conductive material and/or germa- 
reasonably and reliably made having a width from 60 nium silicon. Germanium silicon is a preferred seed 
roughly 300 Angstroms to 3000 Angstroms. Depending layer in some embodiments due to the fact that germa- 
upon the width of the spacers 16a and 16b, the air re- nium silicon may be deposited at low temperatures and 
gions 20a and 20b may be made to be, for example, 20%, selectively grown at low temperatures (200° C. to 300° 
40%, 60%, or 80%, of the total isolation between re- C). These low temperatures would not adversely affect 
gions 14. In general, almost any percentage of air region 65 conventional underlying material such as aluminum and 
may be formed using an appropriately sized spacer. the like. Other materials which may be selectively 

FIGS. 12-15 illustrate another method wherein a grown may be used as the seed layer 32. In general, 

100% air region may be formed to provide an optimal dielectric layers 30 and 34 are any material which resists 
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epitaxial or selective growth on material surfaces water from the air region 2Sa before the grown region 

formed adjacent dielectric layers 30 and 34. 36 is formed to prevent subsequent corrosion of the 

In FIG. 14, an opening 35 is etched through the lay- regions 26. As taught above, a gas composition, a vac- 

ers 30, 32, and 34. Silicon nitride and/or TEOS/oxide uum or a like environment may be formed in the air 

etching is accomplished via CHF3 or CF4 combined 5 region 28a when the grown region 36 is formed. The air 

with O2 or CO2 in a plasma environment or a C2F6 region 2Sa isolates the regions 26 from each other in an 

plasma environment. In addition, silicon nitride may be optimal manner with an effective dielectric constant of 

wet etched in a solution of phosphoric acid ((C2HsO)2- K^2.3. In addition, the seed layer 32, if conductive, 

POOH) or may be etched via a methanol-based may be biased to reduce the C13 capacitance illustrated 

(CH3OH) chemistry. Oxides may be wet etched in an 10 in FIG. 2, and therefore further improve circuit perfor- 

HF solution or buffered HF which is HF mixed with mance. 

ammonia hydroxide. Seed layers, such as polysilicon, It should be noted that an isotropic etch is used to 

may be etched using a HBr and Cb plasma. Germanium form the air region 2Sa as illustrated in FIG. 15. An RIE 

silicon may be etched via a (35:20:10) mixture of nitric etch or any etch process may be used to form the air 

acid: water: hydrofluoric acid (0.5%), with a selectivity 15 region 2Sa although etch processes other than isotropic 

to single-crystalline silicon of up to 100 to 1. However, etches may result in an air region 28c which is less than 

other mixtures of this etchant as well as other well- 100% of the total isolation between the regions 26 (see 

known silicon-germanium wet etchants that have a high FIG. 4). In other words, some sacrificial material from 

etch selectivity to single crystal silicon could also be sacrificial region 28 may be left behind after the etch, 

used. For example, mixtures of hydrofluoric acid:- 20 FIG. 16 illustrates that the seed layer 32 may be litho- 

water:hydrogen peroxide, or mixtures of hydrofluoric graphically patterned and etched or selectively formed 

acid:hydrogen peroxide:acetic acid such as (1:2:3), or so that only select portions of the semiconductor wafer 

mixtures of ammonium hydroxide:hydrogen peroxide:- are covered by the seed layer 32. If the seed layer 32 of 

water could also be used. Any of the above stated FIG. 15 is germanium silicon (a conductive layer), the 

plasma environments may contain one or more inert 25 contacting of regions 26 from a top-down direction 

carrier gases such as Ar, H2, He, N2, or a like inert becomes more difficult. Once a contact hole is opened 

carrier gas. through the seed layer 32 to expose one of the regions 

The opening 35 forms a sidewall of the seed layer 32. 26, the seed layer 32 must be isolated from the contact 

In addition, the opening 35 exposes at least a top portion so that the seed layer 32 will not electrically short cir- 

of the sacrificial region 28. 30 cuit all of the contacts. Therefore, a sidewall oxide or a 

In FIG. 15, an etchant, as discussed above for FIG. 9, sidewall spacer must be used within the contact to iso- 

is used to remove the sacrificial region 28 selective to late seed layer 32 from the contact. If seed layer 32 is 

the base layer 12, regions 26, and the dielectric layers 30 patterned, as illustrated in FIG. 16, the use of these 

and 34. Epitaxial material or selective material is grown sidewall oxide and sidewall spacers may not be neces- 

from the sidewall of the seed layer 32 to form a grown 35 sary depending upon the design rules of an integrated 

region 36. Grown region 36 seals or closes off a portion circuit. 

of the opening 35 and creates an air gap or air region FIG. 17 illustrates a top perspective view of a struc- 

28a. Grown region 36 may be formed by exposing the ture formed in accordance with the method of FIGS, 

seed layer 32 to one of either SitU, SiHCl 3 , SiH 2 Cl 2 , 12-16. In FIG. 17, four conductive regions 26a, 26Z?, 

SiH3Cl or SiCU with an optional carrier gas, optional 40 26c, and 26d are illustrated. Regions 26a and 26b are 

oxygen, or optional HC1 if the seed layer is silicon- separated by a distance (i.e. a pitch) which is large 

based. An environment having at least one of either enough to avoid damaging capacitive crosstalk. There- 

Si 2 H 6 , SiH4, SiH 3 Br, SiBrCl 3 , SiH 2 Br 2 , SiHBr 3 , fore, the layer 28, 30 and 34 provide adequate isolation 

SiBr 2 Cl 2 , SiCl 2 F 2 , SiClF 3 , SiH 3 I, SiBr 3 Cl, SiCl 3 I, between regions 26a and 266, and no air regions are 

SiHF 3 , Si 3 Hg, SUHio, SiH 2 Cl 2 , SiCU, SiHCl 3 , or SiF 4 , 45 required between regions 26a and 26b, The regions 26b t 

along with at least one of either GeH2Cb, GeH4, 26c, and 26d are closely spaced (i.e. have a small pitch) 

GeBr4, GeH 3 Br, GeH 3 Cl, GeF 3 Cl, GeH2Br2, GeChF2, and are therefore exposed to a damaging capacitive 

GeHBr 3 , GeHCl 3 , GeCl 3 F, GeCU, GeF 4 , Ge2H6, crosstalk phenomenon using conventional dielectric 

Ge 3 H8, may be used to form a germanium silicon epitax- insulators. In order to reduce the damaging crosstalk, 

ial or selective material. 50 the process illustrated in FIGS. 12-15 is used to form 

Nitride materials may be selectively grown, therefore the opening 35 between each of the regions 266, 26c, 

the seed layer 32 may be a nitride material. Copper and and 26d. Optionally, phase shifting, X-ray lithography, 

aluminum may be formed selectively. For example, E-beam processing, advanced photolithography, or 

titanium nitride may be used as a seed layer for a grown other lithographic processes may be used to form the 

copper region. Other selectively grown materials and 55 openings 25 having a very small geometry. An etch step 

chemistries are known in the art and any selective mate- selectively removes the sacrificial region 28 between 

rial or selective growth chemistry may be used for the regions 266, 26c, and 26d to form air regions 2&a. 

formation of the seed layer 32. Known remote plasma The air regions 28a provide improved selective isola- 

enhanced chemical vapor deposition (RPECVD) and tion between the closely spaced conductors (i.e. regions 
plasma enhanced chemical vapor deposition (PECVD) 60 26b, 26c, and 26d). The opening 35 is closed to seal the 

technologies may allow other materials to be selectively air regions 2Sa by performing selective/epitaxial 

grown at low temperature (e.g. silicon may be grown at growth of the seed layer 32 which is not specifically 

a few hundred degrees Celsius). In other forms silicon illustrated in FIG. 17. 

may be seeded or grown off of metals or other conduc- FIGS. 18-23 illustrate yet another method for form- 

tive materials. 65 ing a semiconductor structure having an air region. 

If the sacrificial region 28 is water-soluble (i.e. re- Elements of FIGS. 18-23 which are analogous to pre- 

moved via water) and the regions 26 are metal, such as ceding elements are identically labeled. FIG. 18 illus- 

aluminum, a vacuum may be used to remove residual trates the base layer 12. A dielectric layer 38 is option- 
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ally formed over the base layer 12. The dielectric layer 
38 is preferably a thermal pad oxide having a thickness 
of roughly 500 Angstroms, although any thickness may 
be used. A sacrificial layer 40 is formed overlying the 
dielectric layer 38. The sacrificial layer is similar to the 5 
region 28 of FIG. 12. A growth layer or seed layer 42 is 
formed overlying the sacrificial layer 40. Optionally, a 
dielectric layer may be formed between the layers 40 
and 42, and a dielectric layer may be formed above the 
seed layer 42 in FIG. 18 for isolation purposes. Typical 10 
thicknesses of the sacrificial layer 40 range from 1000 
Angstroms to 4000 Angstroms, and the seed layer 42 is 
typically formed having a thickness between roughly 
500 Angstroms and 4000 Angstroms. The seed layer 42 
is similar to the other seed layers or growth layers dis- 15 
cussed herein. Materials and processes used to form and 
manipulate the sacrificial material have also been taught 
herein. 

In FIG. 19, the layers 40 and 42 are lithographically 
patterned and etched to form a patterned layer of mate- 20 
rial. The lithographic patterning and etching forms a 
sidewall of the sacrificial layer 40. The dielectric layer 
38 functions as an etch stop layer. 

In FIG. 20, a conformal deposition is performed to 
form a layer of material (not specifically illustrated) 25 
adjacent the sidewall of the sacrificial layer 40. This 
layer of material is reactive ion etched (RIE) or pro- 
cessed in a like manner to form a spacer 44 laterally 
adjacent the sacrificial layer 40 and the seed layer 42. 
The spacer 44 may be any sidewall structure such as a 30 
sidewall dielectric growth, a lithographic-defined pillar, 
etc. The spacer 44 is sometimes referred to generically 
as being one or more dielectric pillar regions. It should 
be noted that the pillar regions may be connected to- 
gether to form one or more cylindrical pillar region. 35 
The spacer 44 is formed of a material which will not 
significantly etch when etching the sacrificial layer of 
material. For example, if the sacrificial layer 40 is silicon 
nitride, spacer 44 may be TEOS. If the sacrificial layer 
40 is germanium oxide, the spacer 44 may be silicon 40 
nitride, and so on. It is important to note that the spacer 
44 may be replaced by any sidewall formation other 
than a sidewall spacer or a patterned layer of material. 
An oxidation step is performed to form a dielectric 
layer 46 overlying the seed layer 42. It is important to 45 
note that the dielectric layer 46 may have been grown 
or deposited in FIG. 18 prior to lithographic patterning. 
In general, the dielectric layer 46 is any material which 
slows or completely resists selective or epitaxial growth 
on surfaces which are adjacent or underlying the dielec- 50 
trie layer 46. 

In FIG. 21, an opening 43 having a radius is formed 
through the seed layer 42 to expose a portion of the 
sacrificial layer 40. The opening 43 forms an exposed 
sidewall of the seed layer 42. 55 

In FIG. 22, the sacrificial layer 40 is removed as 
taught herein and an air region is formed within the 
spacer 44. Sacrificial layer 40 may be water soluble or 
any material as taught or suggested herein. 

In FIG. 23, a selective growth or epitaxial growth 60 
process is used to form a grown region 42a from the 
seed layer 42. The grown region 42a reduces the radius 
of the opening 43. The grown region 42a may com- 
pletely seal the opening 43 and therefore completely 
isolate an air region 48. In another form, a non-confor- 65 
mal inter-level dielectric (ILD) (not illustrated in FIG. 
23) may be used to seal a portion of the opening 43. It is 
desirable in many cases to use a highly non-conformal 



selective growth process to form the grown region 42a. 
A non-conformal selective growth will cause most of 
the epitaxial growth to occur on top surfaces and ex- 
posed sidewall surfaces of the seed layer 42, while the 
bottom portion of the seed layer 42 which is adjacent 
the air region 48 contributes little to the growth pro- 
cess. By using this technique of a non-conformal selec- 
tive process, the air region 48 maintains a more con- 
trolled volume due to the fact that the grown region 42a 
does not encroach much into the air region 48. It should 
also be noted that any selective process, selective mate- 
rial, or selective chemistry may be used to form the 
grown region 42c 

FIG. 24 illustrates that if the dielectric layer 46 is not 
used in FIG. 23, then the grown region 42a may extend 
vertically higher than illustrated in FIG. 23 due to unre- 
stricted growth on the top surface of the seed layer 42. 
The structure of FIGS. 23 and 24 may be used for ele- 
vated interconnects having air-isolation regions or 
other applications as discussed herein. 

FIGS. 25-27 illustrate a method wherein an oxide 
layer is formed on a bottom portion of the seed layer 42 
to further hinder growth into the air region 48. As indi- 
cated above, a dielectric layer which resists growth 
may be deposited between layers 40 and 42 in FIG. 18. 
Another method for forming the dielectric layer be- 
tween layers 40 and 42 is illustrated in FIGS. 25-27. 
FIGS. 25-27 illustrate a process flow which is similar to 
the flow illustrated in FIGS. 21-23. 

FIG. 25 illustrates a structure similar to that illus- 
trated in FIG. 21. In FIG. 25, a spacer 50c is formed 
laterally adjacent the sidewall of the seed layer 42 
which was formed via the opening 43. The spacer SOa 
should be any material which prevents oxide from 
forming on the sidewall of the seed layer 42. The sacrifi- 
cial layer 40 is then removed and a bottom portion of 
the seed layer 42 is oxidized to form an oxide layer 52 as 
illustrated in FIG. 26. In FIG. 27, the selective growth 
or epitaxial growth process is used to isolate the air 
region 48. The oxide layer 52 ensures that growth on a 
bottom portion of the seed layer 42 is at a minimum. 
Due to the fact that nitride is a good oxidation barrier, 
selective nitride may be formed as the layer 52 when an 
oxidation step is used to close the opening 43. 

FIG. 28 illustrates a top perspective view of the 
structures illustrated in FIGS. 18-27. FIG. 28 illustrates 
that the opening 43 may be formed as a perpendicular 
opening 43a or a parallel opening 43b with respect to 
the sacrificial material 40. 

The air regions taught herein have been illustrated as 
forming air bridge isolation for conductive regions and- 
/or air isolated interconnects. In the integrated circuit 
industry, semiconductor substrates are beginning to be 
used to form small structures and devices known as 
micromachines. It should be apparent that the air re- 
gions taught herein may be used to form many micro - 
devices and micro-semiconductor-devices such as small 
pressure transducers, fluorescent light bulbs, gas cavi- 
ties, filament (incandescent) light bulbs, flat panel dis- 
plays, a radiation hard integrated circuit vacuum tube, 
micromachines, vacuum cavities, microstructures, 
transducers, microtubes, an x-y position scintillation 
counter/Geiger counter using an array of gas filled 
microcavities, gas detection devices, various sensors, 
microvalves, temperature and stress sensors for inte- 
grated circuit process monitoring within semiconductor 
equipment process chambers, etc. The list of microme- 
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chanical semiconductor applications for the above de- 
scribed processes is broad. 

For example, the device illustrated in FIG. 27 may 
function as a semiconductor pressure sensor wherein 
the layer 42 and region 54 form a control electrode and 5 
the air region 48 forms a gate dielectric layer. Pressure 
on the control electrode alters the dimensions or prop- 
erties of the air region 48 and alters a threshold voltage 
of the structure illustrated in FIG. 27. Source and drain 
regions (not illustrated in FIG. 27) may be formed in the 10 
base layer 12 to conduct current. The current through 
the source and drain (not illustrated) may be correlated 
to the pressure on the control gate to form a pressure 
transducer. Temperature may have a similar effect on 
the device of FIG. 27 depending on the gas concentra- 15 
tion of the air region 48. 

FIGS. 29-31 illustrate another method for forming an 
air region which is similar to the method illustrated in 
FIGS. 12-15. Elements in FIGS. 29-31 which are anal- 
ogous to elements in FIGS. 29-31 are identically la- 20 
beled. FIG. 29 illustrates regions 26, base layer 12, and 
sacrificial region 28. A dielectric layer 100 is formed 
overlying the regions 26 and sacrificial region 28. An 
opening 101 is formed within the dielectric layer 100. 
The opening 101 exposes a portion of the sacrificial 25 
region 28. 

In FIG. 30, a layer of seed material or a layer of 
growth material is deposited and reactive ion etched 
(RIE) to form a seed spacer 102 within the opening 101. 
The seed spacer 102 is formed of a material which is 30 
similar to the layer 32 of FIG. 13. 

In FIG. 31, an etch process, as taught herein, is used 
to remove the sacrificial region 28 to form an air region 
28a. Epitaxial or selective growth is performed on the 
seed spacer 102 to form a grown region 104. The grown 35 
region 104 encapsulates and isolates the air region 28a. 

FIGS. 32-35 illustrate a method for forming a semi- 
conductor device in a manner similar to the method 
illustrated in FIGS. 5-11. Elements in FIGS. 32-35 
which are analogous to elements in FIGS. 5-11 are 40 
identically labeled. FIG. 32 illustrates a plug region 18a. 
In FIG. 32, the plug region 18a is deposited or grown 
and subsequently patterned and etched using conven- 
tional lithography/etch processing. One or more side- 
wall spacers, illustrated by side wall spacers 16a and 166, 45 
are formed laterally adjacent sidewalls of the plug re- 
gion 18a. In FIG. 32, an optional known polish stop 
layer may be formed overlying the plug region 18a. The 
polish stop layer 186 may be deposited and etched along 
with the plug region 18a in a self-aligned manner. 50 

In FIG. 33, metal regions or like conductive material 
regions (referred to as regions 14) are formed over the 
plug layer 18a. 

A chemical mechanical polishing (CMP) step or a 
resist etch back (REB) process is used to planarize the 55 
regions 14 as illustrated in FIG. 34. The polishing pro- 
cess illustrated in FIG. 34 exposes a top portion of the 
spacers 16a and 16b. 

In FIG. 35, the spacers 16a and 16b are removed as 
taught herein to form air regions 20a and 20b. The air 60 
regions 20a and 20b are encapsulated as taught herein. 
In another form, the plug region 18a is formed as a 
conductive layer and biased to a ground potential to 
improve isolation between the regions 14. 

While the present invention has been illustrated and 65 
described with reference to specific embodiments, fur- 
ther modifications and improvements will occur to 
those skilled in the art. For example, the various tech- 
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niques taught herein may be combined on a single sub- 
strate to form multiple air region formations. Many of 
the seed layer materials taught herein are capable of 
being oxidized. Therefore, if the conductive properties 
of the seed layer are undesirable, the seed layer may be 
oxidized after selective/epitaxial growth to transform 
portions of the conductive seed layer into a dielectric 
material. Known technologies, such as silicided polysili- 
con layers, may be added to the processes illustrated 
and taught herein. Many semiconductor applications 
exist for the air regions taught herein. It should be ap- 
parent that selective oxidation may be used in place of 
selective growth or epitaxial growth. It is to be under- 
stood, therefore, that this invention is not limited to the 
particular forms illustrated and that it is intended in the 
appended claims to cover all modifications that do not 
depart from the spirit and scope of this invention. 
We claim: 

1. A method for forming a semiconductor device 
having an air region, the method comprising the steps 
of: 

providing a base layer of material; 

forming a first conductive element overlying the base 
layer, the first conductive element having a side- 
wall; 

forming a second conductive element overlying the 
base layer, the second conductive element having a 
sidewall and being physically separated from the 
first conductive element by an opening; 

forming a first sidewall spacer having a top portion, 
the first sidewall spacer being laterally adjacent the 
sidewall of the first conductive element; 

forming a second sidewall spacer having a top por- 
tion, the second sidewall spacer being laterally 
adjacent the sidewall of the second conductive 
element; 

forming a plug layer within the opening between the 
first conductive element and the second conduc- 
tive element, the plug layer exposing the top por- 
tion of the first sidewall spacer and the top portion 
of the second sidewall spacer; and 

removing both the first and second sidewall spacers 
to form the air region between the first conductive 
element and the second conductive element. 

2. The method of claim 1 further comprising the step 
of: 

depositing a non-conformal dielectric layer overlying 
the air region to completely encapsulate the air 
region. 

3. The method of claim 1 wherein the step of forming 
the plug layer comprises the steps of: 

forming a layer of plug material within the opening 
between the first conductive element and the sec- 
ond conductive element; and 

planarizing the layer of plug material to form the plug 
layer within the opening between the first conduc- 
tive element and the second conductive element by 
using a process selected from a group consisting of: 
chemical mechanical processing (CMP), and resist 
etch-back (REB). 

4. The method of claim 1 wherein the step of forming 
the first sidewall spacer comprises: 

forming the first sidewall spacer from a material 
which is water soluble. 

5. The method of claim 1 wherein the step of forming 
the first sidewall spacer comprises: 

forming the first sidewall spacer from a material se- 
lected from a group consisting of: titanium nitride, 
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silicon nitride, a nitrided material, borophosphosili- 
cate glass (BPSG), borosilicate glass (BSG), 
boronitride (BN), boro-oxynitride (BNO), titanium 
oxide, germanium silicon, germanium oxide, ruthe- 
nium oxide, polyimide, an organic material, cal- 5 
cium flouride, barium flouride, strontium flouride, 
a flourided material, a polymeric material, and a 
refractory metal. 

6. The method of claim 1 wherein the step of provid- 
ing a base layer of material comprises: 10 

providing the base layer of material as a material 
selected from the group consisting of: a silicon 
substrate, a dielectric layer, and an oxide. 

7. The method of claim 1 wherein the step of remov- 
ing both the first and second side wall spacers to form an 15 
air region comprises: 

exposing the air region to a vacuum environment to 
alter a pressure within the air region to a pressure 
other than atmospheric pressure. 

8. The method of claim 1 wherein the step of remov- 20 
ing both the first and second sidewall spacers to form an 
air region comprises: 

exposing the air region to a gas wherein said gas alters 
a gas composition of the air region, the gas compo- 
sition being different from an atmospheric gas com- 25 
position. 

9. A method for forming a semiconductor device, the 
method comprising the steps of: 

providing a base layer; 

forming a first layer of material which is resistant to 30 

growth overlying the base layer; 
forming a growth layer overlying the first layer of 

material; 

forming a second layer of material which is resistant 
to growth overlying the growth layer; 35 

etching an opening through the first layer, the 
growth layer, and the second layer, the opening 
defining a sidewall of the growth layer; and 

selectively growing the sidewall of the growth layer 
to form a grown region which closes off a portion 40 
of the opening and forms an enclosed air region 
within the opening. 

10. The method of claim 9 wherein the step of form- 
ing the growth layer comprises: 

lithographically patterning and etching the growth 45 
layer to form patterned growth layer regions over- 
lying the base layer. , 

11. The method of claim 9 wherein the step of form- 
ing the growth layer comprises: 

forming the growth layer from a material selected 50 
from a group consisting of: silicon, polysilicon, 
amorphous silicon, germanium, titanium nitride, 
germanium silicon, a metal, a conductive material. 

12. The method of claim 9 further comprising a step 
of: 55 

forming a sacrificial material between the base layer 
and the first layer of material. 

13. The method of claim 12 further comprising a step 
of: 

removing at least a portion of the sacrificial material 60 
to form a portion of the air region. 

14. The method of claim 12 wherein the step of form- 
ing the sacrificial material comprises: 

forming the sacrificial material from a material se- 
lected from a group consisting of: titanium nitride, 65 
silicon nitride, a nitrided material, borophosphosili- 
cate glass (BPSG), borosilicate glass (BSG), 
boronitride (BN), boro-oxynitride (BNO), titanium 



oxide, germanium silicon, germanium oxide, ruthe- 
nium oxide, polyimide, an organic material, cal- 
cium fluoride, barium flouride, strontium flouride, 
a flourided material, a polymeric material, and a 
refractory metal. 

15. The method of claim 12 wherein the step of form- 
ing the sacrificial material comprises: 

forming the sacrificial material as a material which is 
water-soluble. 

16. The method of claim 9 further comprising the step 
of: 

forming the air region having a pressure which is 
other than atmospheric pressure. 

17. The method of claim 9 further comprising the step 
of: 

trapping a gas within the air region wherein the gas is 
other than oxygen. 

18. The method of claim 9 further comprising the 
steps of: 

forming a first conductive region between the base 
layer and the first layer of material; and 

forming a second conductive region between the base 
layer and the first layer of material, the second 
conductive region being physically separated from 
the first conductive region by the air region. 

19. A method for forming a semiconductor device 
having an air isolation region, the method comprising 
the steps of: 

providing a base layer; 

forming a first conductive region overlying the base 
layer; 

forming a second conductive layer overlying the base 
layer and physically separated from the first con- 
ductive region by a separation region; 

forming a sacrificial layer of material within the sepa- 
ration region; 

forming a first dielectric layer overlying the first 
conductive region, the second conductive region, 
and the sacrificial layer; 

forming a seed layer overlying the first dielectric 
layer; 

forming an opening through the first dielectric layer 
and the seed layer to expose a portion of the sacrifi- 
cial layer, the opening forming a sidewall of the 
seed layer; 

removing the sacrificial layer of material to form the 
air isolation region between the first conductive 
region and the second conductive region; and 

growing material from the sidewall of the seed layer 
to close a portion of the opening and isolate the air 
isolation region. 

20. The method of claim 19 wherein the step of form- 
ing the sacrificial material of material comprises: 

forming the sacrificial material of material from a 
material selected from a group consisting of: tita- 
nium nitride, silicon nitride, a nitrided material, 
borophosphosilicate glass (BPSG), borosilicate 
glass (BSG), boronitride (BN), boro-oxynitride 
(BNO), titanium oxide, germanium silicon, germa- 
nium oxide, ruthenium oxide, polyimide, an or- 
ganic material, calcium flouride, barium flouride, 
strontium flouride, a flourided material, a poly- 
meric material, and a refractory metal. 

21. The method of claim 19 wherein the step of form- 
ing the sacrificial material of material comprises: 

forming the sacrificial material as a material which is 
water-soluble. 
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22. The method of claim 19 wherein the step of grow- . 
ing material from the sidewall of the seed layer to close 

a portion of the opening and isolate the air isolation 

region further comprises: 

exposing the air isolation region to a vacuum environ- 5 
ment which has a pressure other than atmospheric 
pressure, the vacuum environment forming a vac- 
uum within the air isolation region when the air 
isolation region is isolated by the step of growing. 

23. The method of claim 22 wherein the step of expos- 1° 
ing the air isolation region to a vacuum environment 
comprises: 

exposing the air isolation region to the vacuum envi- 
ronment which has a pressure less than one Torr, 
the vacuum environment forming a vacuum within 15 
the air isolation region which is less than one Torr 
and decreases a dielectric constant of the air isola- 
tion region. 

24. The method of claim 19 wherein the step of grow- 
ing material from the sidewall of the seed layer to close 
a portion of the opening and isolate the air isolation 
region further comprises: 

exposing the air isolation region to an ambient gas, 
the ambient gas remaining within the air isolation 25 
region when the air isolation region is isolated by 
the step of growing. 

25. The method of claim 19 further comprising the 
step of: 

forming a second dielectric layer overlying the seed 3Q 
layer. 

26. A method for forming a semiconductor device 
having an air region, the method comprising the steps 
of: 

providing a base layer; 35 
forming a layer of material overlying the base layer; 
forming a seed layer overlying the layer of material; 
removing a portion of the layer of material and a 

portion of the seed layer to form a patterned layer 

of material from the layer of material, the patterned 40 

layer of material having a sidewall; 
forming a sidewall spacer adjacent the sidewall of the 

patterned layer of material; 
forming an opening having a radius through the seed 

layer to expose a portion of the patterned layer of 45 

material; 

removing the patterned layer of material to form said 

air region; and 
growing material onto the seed layer to reduce the 

radius of the opening. 50 

27. The method of claim 26 wherein the step of form- 
ing a layer of material comprises: 

forming the layer of material from a material which is 
water-soluble. 

28. The method of claim 26 wherein the step of form- 55 
ing a layer of material comprises: 

forming the layer of material from a material selected 
from a group consisting of: titanium nitride, silicon 
nitride, a nitrided material, borophosphosilicate 
glass (BPSG), borosilicate glass (BSG), boronitride 60 
(BN), boro-oxynitride (BNO), titanium oxide, ger- 
manium silicon, germanium oxide, ruthenium ox- 
ide, polyimide, an organic material, calcium flou- 
ride, barium flouride, strontium flouride, a flou- 
rided material, a polymeric material, and a refrac- 65 
tory metal. 

29. The method of claim 26 further comprising the 
step of: 



exposing the air region to a vacuum environment to 
alter a first pressure within the air region to a sec- 
ond pressure other than atmospheric pressure after 
removing the patterned layer of material. 

30. The method of claim 26 wherein the step of re- 
moving the patterned layer of material comprises: 

exposing the air region to a gas wherein said gas alters 
a gas composition of the air region, the gas compo- 
sition being different from an atmospheric gas com- 
position. 

31. The method of claim 26 wherein the step of grow- 
ing material onto the seed layer to reduce the radius of 
the opening comprises: 

completely closing a portion of the opening to isolate 
the air region. 

32. A method for forming a semiconductor structure 
having an intentional void, the method comprising the 
steps of: 

providing a base layer; 

forming a first layer of material overlying the base 
layer; 

forming a second layer of material overlying the base 
layer and laterally separated from the first layer of 
material; 

forming a sacrificial layer of material between the 
first and second layers of material; 

forming a dielectric layer overlying the first layer of 
material, the second layer of material, and the sac- 
rificial layer of material, the dielectric layer having 
an opening which exposes a portion of the sacrifi- 
cial layer of material; 

forming a seed spacer within the opening; 

removing the sacrificial layer of material to form said 
intentional void between the first and second layers 
of material; and 

growing material from the seed spacer to close the 
opening. 

33. The method of claim 32 wherein the step of form- 
ing a sacrificial layer of material between the first and 
second layers of material comprises: 

forming the sacrificial layer of material from a mate- 
rial which is water-soluble. 

34. The method of claim 32 wherein the step of form- 
ing a sacrificial layer of material between the first and 
second layers of material comprises: 

forming the sacrificial layer of material from a mate- 
rial selected from a group consisting of: titanium 
nitride, silicon nitride, a nitrided material, boro- 
phosphosilicate glass (BPSG), borosilicate glass 
(BSG), boronitride (BN), boro-oxynitride (BNO), 
titanium oxide, germanium silicon, germanium ox- 
ide, ruthenium oxide, polyimide, an organic mate- 
rial, calcium flouride, barium flouride, strontium 
flouride, a flourided material, a polymeric material, 
and a refractory metal. 

35. A method for forming a semiconductor structure 
having an intentional void, the method comprising the 
steps of: 

providing a base layer having a surface; 

forming a patterned plug region overlying the base 
layer, the patterned plug region having a sidewall 
which is substantially perpendicular to the surface 
of the base layer; 

forming a sidewall spacer laterally adjacent the side- 
wall of the plug region; 

forming a layer of material overlying the sidewall 
spacer and the patterned plug region; 
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planarizing the layer of material to expose a portion 

of the sidewall spacer; 
removing the spacer to form said intentional void; 

and 
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forming a dielectric layer overlying the intentional 

void to encapsulate the intentional void. 
36. The method of claim 35 further comprising: 
forming a polish stop layer overlying the patterned 
plug region. 
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